Background: Breastfed infants are dependent on iodine transport into breast milk for production of thyroid hormones. Thyroid hormones are important regulators of brain development. It has been considered whether breast milk iodine concentration (MIC) could be predicted by maternal urinary iodine concentration (UIC), but reports on correlations have been inconsistent. We used urinary creatinine concentration as a proxy for maternal fluid intake and speculated if this might differently influence on UIC and MIC. Methods: We examined 127 breastfeeding women after the introduction of the mandatory iodine fortification of salt in Denmark. Maternal spot urine and a breast milk sample were obtained at median 31 days after delivery (interquartile range: 25-42), and the women were asked about intake of iodine containing supplements postpartum. Results: Median UIC was 72 µg/l (46-107 µg/l) and higher in iodinesupplemented mothers (47.2% of participants); 83 µg/l (63-127 µg/l) vs. 65 µg/l (40-91 µg/l), p=0.004. Median MIC was 83 µg/l (61-125 µg/l) and also higher in iodine-supplemented mothers; 112 µg/l (80-154 µg/l) vs. 72 µg/l (47-87 µg/l), p<0.001. There was a weak correlation between UIC and MIC (r=0.28, p=0.015). A strong correlation was present between UIC and urinary creatinine concentration (r=0.76, p<0.001), whereas urinary creatinine concentration was not correlated to MIC (r=-0.049, p=0.58). When UIC and urinary creatinine were used to estimate 24-hour urinary iodine excretion, the correlation between this estimate and breast milk iodine excretion was stronger (r=0.48, p<0.001). Conclusions: Iodine supplement intake in Danish breastfeeding women should be recommended. Results indicate that UIC, but not MIC, depends on maternal fluid intake and that maternal estimated 24-hour iodine excretion may be a better indicator of iodine supply to the breastfed infant than UIC. 
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Conclusions: Iodine supplement intake in Danish breastfeeding women should be recommended. Results indicate that UIC, but not MIC, depends on maternal fluid intake and that maternal estimated 24-hour iodine excretion may be a better indicator of iodine supply to the breastfed infant than UIC. (ICCIDD) define an adequate maternal intake of iodine as 250 µg/day during breastfeeding (2).
33
Population median urinary iodine concentration (UIC) is the recommended method to assess 34 population iodine intake (2). In non-lactating women, around 90% of ingested iodine is excreted
35
into urine, whereas in lactating women part of plasma inorganic iodine is transported into breast 36 milk by the sodium iodide transporter (NIS) (3). Urinary iodine excretion is consequently lower,
37
and the median UIC indicating sufficient iodine intake in breastfeeding women is similar to the 38 non-pregnant state (≥100 µg/l), although maternal iodine requirements are increased (2).
39
WHO, UNICEF and ICCIDD define an adequate intake of iodine in children less than two years 40 old as 90 µg/day (2). As previously reviewed in details (3-5), a number of studies have measured 41 breast milk iodine concentration (MIC) and found a wide range of median or mean concentrations.
42
As recently highlighted by Leung et al (6) , physiological mechanisms may challenge the 43 interpretation of studies of breast milk iodine measurements. These authors illustrated a rise in MIC
44
following acute maternal dietary iodine intake.
45
Another aspect previously considered is how reliably the iodine supply to the breastfed infant can be evaluated by maternal UIC (7, 8) . It has been illustrated that UIC adjusted by urinary 47 creatinine as a proxy for fluid intake might more precisely estimate iodine intake in non-lactating 48 women and in men (9-11), and in a study from Australia of 50 breastfeeding women, there was no 49 significant correlation between UIC and MIC, but MIC was significantly correlated to the urinary 50 iodine/creatinine ratio (12). excretion. In addition, we studied iodine content of infant feeding by measuring breast milk iodine 57 excretion and iodine content of infant formulas. Data were used to investigate the relationship 58 between urinary iodine excretion and breast milk iodine excretion in breastfeeding women and to 59 study the feasibility of using urinary creatinine excretion to adjust for differences in maternal fluid 60 intake.
62

Materials and methods
63
Study population and design
64
The study is a postpartum follow-up of women initially included in the Obstetric Department, 
71
In the present follow-up study, the women were contacted by phone in the postpartum period Additionally, the women were asked to make a spot urine and a breast milk sample at home and 77 if infant formulas were used, they were also asked to sample prepared infant formula. Vials for samples from the same breast both immediately before and after breastfeeding of the child.
83
The study protocol was approved by the local ethical committee.
85
Laboratory procedures
86
Urine and raw breast milk samples were stored at -20 ºC from time of sampling until collection at 87 home and until measurement of UIC and MIC in runs during the time of the study inclusion.
88
After thawing and brief mixing of samples, UIC and MIC were determined by the 89 cerium/arsenite method after alkaline ashing to dryness (combusting organic material), as 90 previously described (17). The analytical sensitivity of the assay was 2 µg/l and the lowest standard 91 above the zero blank contained 10 µg iodine/litre. For urine samples, the recovery of iodine was 92 95.5% (SEM 2.4%) and inter-assay CV was 2.7%, as previously described (15). For breast milk 93 samples, the recovery of iodine was 93.6% (SEM 1.04%), when 75 µg iodine/litre was added to 10 94 breast milk samples with a median iodine concentration of 78 µg/l (range 51-118 µg/l). Serial 95 dilution of 10 breast milk samples containing 51-118 µg iodine/litre gave curves parallel to the 96 standard curve. Inter-assay CV was 3.6% when 7 breast milk samples were measured in triplicate.
97
The iodine laboratory was certified by the U.S. Centers for Disease Control and Prevention EQUIP 98 program which includes twice yearly measurement of 'blind' external controls.
99
Urinary creatinine concentrations were measured on a Cobas 8,000 system (Roche, Switzerland).
100
Equipment was calibrated according to the manufacturer's instructions and external standards were and a breast milk sample. Three women were excluded because they reported they were smokers.
143
Thus, leaving 127 women for urine-and breast milk analyses (figure 1). pregnancy BMI as reported in pregnancy were examined in univariate and multivariate analyses.
155
Neither did any of these variables significantly predict iodine supplement intake postpartum.
156
In pregnancy, the iodine supplements used almost all contained 150 or 175 µg iodine/day and 157 most women continued such supplement postpartum. However, a subgroup of the iodine 158 supplement users (n=15) took a multivitamin pill that was labeled by the manufacturer as
159
'supplement for breastfeeding women' and contained only 45 µg iodine/day. Among women with no iodine supplement intake postpartum (n=67), UIC and MIC were not 186 significantly higher in the group of women (n=49) who had used iodine supplements in pregnancy 187 in compare to women (n=18) with no iodine supplement intake both in pregnancy and postpartum
188
(data not shown). 
Principal findings
235
In a follow-up study of women giving birth in an area of Denmark with previously moderate iodine 236 deficiency, iodine supplement use postpartum was less frequent than in pregnancy. Urinary iodine 237 and breast milk iodine concentrations were below the levels recommended, but significantly higher 238 with iodine supplement intake and higher than the levels reported before the iodine fortification of 239 salt in Denmark. Among iodine supplement users, the subgroup of women with the lowest iodine 240 supplement intake was in particular at risk of iodine deficiency. median UIC is considered a valid marker for population iodine intake (2). In general, it has been 286 much discussed whether urinary iodine concentration should be adjusted for differences in fluid 287 intake by urinary creatinine (11). Our study suggests that urinary iodine concentrations are 288 dependent on fluid intake in breastfeeding women, whereas milk iodine concentration is not. Thus,
Mechanisms of iodine excretion in breast milk
271
Iodide is transported into breast milk by the sodium iodide transporter (NIS) (25). NIS is present in
289
MIC was not dependent on maternal fluid intake in line with studies indicating that breast milk 290 volume is not influenced by maternal fluid intake (29, 30) . On the other hand, maternal fluid intake 291 influenced on UIC as illustrated by the strong correlation with urinary creatinine concentration.
292
Thus, the iodine status of breastfeeding women might be more precisely estimated when UIC is 293 adjusted by differences in fluid intake, as previously suggested for non-lactating women and for 294 men (9,10). Furthermore, the correlation with breast milk iodine excretion was stronger, when 295 urinary iodine content was adjusted by creatinine in accordance with a previous (12). study, infant formulas in dry preparation were prepared using iodine-free demineralized water, 300 whereas in our study, the mothers prepared the infant formulas at home according to the 301 manufacturer's instructions. The median iodine concentration was considerably higher in our study 302 (122 vs. 57 µg/l) also for the individual brands that were measurement in both studies and even
303
taking the iodine content of tap water into account.
305
Strength and limitations
306
The strength of our study is the high rate of participation among invited women in the postpartum The authors declare that they have no conflict of interest. Highest educational level full-filled or initiated. General education: 'basic' (primary/secondary education only; 9-13 years). General education and education qualifying for a profession: 'low' (vocational education and training: 9-13 years), 'middle' (short-or medium cycle higher education: 14-16 years), 'high' (long-cycle higher education: ≥ 17 years). 
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